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Abstract: Two voluntary front-of-pack nutrition labels (FOPNL) are present in Australia:
the government-led Health Star Ratings (HSR) and food industry-led Daily Intake Guide (DIG).
Australia’s two largest supermarkets are key supporters of HSR, pledging uptake on all supermarket
own brand foods (SOBF). This study aimed to examine prevalence of FOPNL on SOBF, and alignment
with patterns of nutritional quality. Photographic audits of all SOBF present in three large
supermarkets were conducted in Perth, Western Australia, in 2017. Foods were classified as nutritious
or nutrient-poor based on the Australian Guide to Healthy Eating (AGTHE), NOVA level of food
processing, and HSR score. Most (81.5%) SOBF featured FOPNL, with only 55.1% displaying HSR.
HSR was present on 69.2% of Coles, 54.0% of Woolworths, and none of IGA SOBF. Half (51.3%) of
SOBF were classified as nutritious using the AGTHE, but using NOVA, 56.9% were ultra-processed
foods. Nutrient-poor and ultra-processed SOBF were more likely than nutritious foods to include HSR,
yet many of these foods achieved HSR scores of 2.5 stars or above, implying they were a healthy
choice. Supermarkets have a powerful position in the Australian food system, and they could do
more to support healthy food selection through responsible FOPNL.
Keywords: Health Star Rating; Daily Intake Guide; front-of-pack label; supermarket; supermarket
own brand; private label; nutrition
1. Introduction
Front-of-pack nutrition labels (FOPNL) have the potential to provide consumers with a convenient
guide to healthy food selection [1]. It is a highly contested area of food labelling [2], and a variety of
scoring systems and visual devices exist. They include initiatives from the food industry (e.g., the
international Choices Program [3]), government agencies (e.g., the UK traffic lights [4]), and some
supermarket scoring systems that are applied to shelf-edge labels of all foods (e.g., Guiding Stars [5]).
These FOPNL have been described using a continuum with reductive (i.e., facts only, with no evaluation
or recommendation) at one end, and evaluative (i.e., presence of the device indicates compliance with
predefined criteria) at the other, with hybrid or interpretive (i.e., a combination of facts and symbols) in
the middle [6]. They have also been categorised as nutrient-specific systems (i.e., display the amount
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per serving of selected nutrients), summary indicator systems (i.e., a single symbol, icon, or score is
used to summarise the nutrient content), and food group information systems (i.e., symbols are used
to indicate presence of a specific food group) [1]. The policy objectives of each initiative can differ,
with some labelling systems which have been designed according to best practice for effective product
labels more likely to lead to changes in consumer purchasing behaviour than others [1,7]. The American
Institute of Medicine recommends use of a single standardised FOPNL, which appears on all products
in settings such as supermarkets, is promoted to consumers, and encourages reformulation of processed
foods [8]. In addition, FOPNL that are led or endorsed by governments and international health
agencies are generally regarded as the most credible [9].
1.1. FOPNL in Australia
FOPNL is voluntary in Australia, and there are two commonly applied labelling systems.
The government-led Health Star Rating system (HSR) was designed to guide selection of healthier
packaged foods, and uses an nutrient profiling algorithm to assign each product a score from 12
to 5 health stars, with 5 stars indicating the healthiest choice [10]. Launched in 2014, the original
policy aim of the HSR was to guide consumers who have a wide range of literacy and numeracy
skills to select healthier foods by enabling comparison between individual foods, and increasing
awareness of the nutritional quality of foods, consistent with national dietary guidelines [11,12].
The objective of the HSR is summarised as: “To provide convenient, relevant and readily understood
nutrition information and/or guidance on food packs to assist consumers to make informed food purchases
and healthier eating choices” [13]. The food industry-led Daily Intake Guide (DIG), introduced in
2006 [14], aims to inform food selection by providing nutrition information for a serving of the
product on the front-of-pack, along with contribution to the daily intake of an average adult [15]
(Supplementary Figure S1). Comparison of the impact of the two Australian systems on consumer
food choice concluded that interpretive labels (or summary indicator systems) such as the HSR can
be more effective than reductive labels (or nutrient-specific systems) such as the DIG in guiding
food selection [16,17]. However, a New Zealand randomised controlled trial which compared the
effectiveness of traffic light labels, HSR and a control found the interpretive nutrition labels had no
effect on food purchases [18]. The authors attributed this finding in part to low uptake of HSR on
packaged foods in New Zealand and lack of awareness of the system [18]. To date, there is a lack
of ‘real world’ evidence of the effectiveness of government-led FOPNL on consumer purchasing
behaviour [7]. Therefore, the need to evaluate the impact of such labelling initiatives on public
health continues.
Development of the HSR in Australia has not benefitted from the same levels of transparency
given to development of FOPNL and nutrient profiling criteria in countries such as the UK [19–21] and
France [22–26]. Although there has been considerable effort made by public health researchers to assess
the potential impact of FOPNL on consumer purchasing behaviour since implementation of the HSR,
there were no peer-reviewed studies that informed the development, validation, or implementation of
the system [6]. This may have been because the HSR algorithm was not specifically designed from
scratch to meet its policy aim. HSR system developers utilised the nutrient profiling criterion adopted
by Food Standards Australia New Zealand (FSANZ) to determine whether foods were eligible to make
health claims on packaging, which were in turn based on the UK nutrient profiling criterion used by
Ofcom to determine whether foods could be advertised to children [27]. While the UK model is the
most widely used and validated (for its purpose), adaptation from the original categorical scoring
to continuous scoring for a mnemonic device on pack required technical decision-making, including
setting HSR score cut-offs, that is currently unknown. In addition, a recent evaluation found that
alignment between the two Australian nutrient profiling systems (i.e., HSR and FSANZ health claims)
needed improving [28].
Given this lack of transparency, Australian researchers have sought to determine the ability of
the HSR to assist consumers to select foods consistent with the recommendations of the Australian
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Dietary Guidelines [12]. To assist consumers to select the recommended nutritious five food group
foods (a) the algorithm that underpins the HSR needs to correctly allocate scores that are consistent
with national dietary guidelines; (b) the HSR should be widely applied to packaged foods; and (c)
consumers who have a wide range of literacy and numeracy skills should understand how to use the
HSR to guide selection of nutritious foods. The ability of the HSR to identify nutritious foods has
been examined by studies seeking to determine whether total sugar should be substituted with added
sugar in the HSR algorithm [29], and test the accuracy of HSR scores for dairy foods [30]. Researchers
have attempted to measure uptake of the voluntary HSR on packaged foods [31], and examine the
preference and ability of consumers to use HSR in several studies [17,32–36]. In addition, HSR may
encourage reformulation of packaged food to improve the nutrient profile, which has been assessed in
New Zealand [37] and Australia [38].
Two studies have specifically assessed congruence between HSR and the Australian Dietary
Guidelines [12], with important differences in findings [39,40]. One concluded that the “scope of genuine
misalignment between the [Australian Dietary Guidelines] and HSR algorithm across the Australian food
supply is very small” [39] (p. 11), while the other concluded that “the HSR system is undermining the
[Australian Dietary Guideline] recommendations”, as it did not consistently demarcate between nutritious
and nutrient-poor foods [40] (p. 11). The difference in findings from these two studies can be explained
by examining the methodologies employed, summarised in Table 1. Methodological decisions made
about extracting or calculating the HSR score, rigour of food group classification, and allocating HSR
cut-off points that are deemed appropriate to indicate nutritious and nutrient-poor foods, can influence
study findings regardless of sample size. Questions about the ability of HSR to assist Australian
consumers to select nutritious foods therefore remain.
Table 1. Methodological decisions that can influence study findings on whether HSR product scores
are consistent with recommendations of the Australian Dietary Guidelines.
Methodological Decision Study 1 [39] Study 2 [40]
Source of data
The George Institute for Global
Health’s Australian
FoodSwitchDatabase, which conducts
annual surveys and receives data from
manufacturers and consumers
The Mintel Global New Products
Database which collects packaging
data and images of all new packaged
foods launched in Australia and New
Zealand
Date 1 January 2013–30 June 2017 27 June 2014–30 June 2017
Number of products included
in analysis n = 65,660 n = 1269
HSR product score
Calculated from nutrition information
present on pack, and proxy values
were estimated for missing values
(e.g., fruit, vegetable, nut, legume, or
fibre content which are not required
on labels)
Extracted from packaging
photographic images, not calculated
for products with no HSR displayed
Classification of products
consistent with the
recommendations of the
Australian Dietary Guidelines
Classification of recommended
nutritious foods was informed by the
Australian Dietary Guidelines [12];
classification of nutrient-poor foods
utilised the Australian Bureau of
Statistic’s Discretionary Food List [41].
Classification of recommended
nutritious foods was informed by the
Australian Dietary Guidelines
Educator’s Guide [42]; classification of
nutrient-poor foods utilised the
Australian Bureau of Statistic’s
Principles for Identifying
Discretionary Foods, and the
Discretionary Food List [41].Products
difficult to classify were coded by
each author individually and then a
consensus decision made.
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Table 1. Cont.
Methodological Decision Study 1 [39] Study 2 [40]
Determination of HSR scores
consistent with the Australian
Dietary Guidelines
No justification provided. However, a
study which analysed alignment of
the HSR with the Traffic Light system
used by the New South Wales
Government to identify nutritious
foods in settings such as schools,
hospitals, and workplaces
recommended that foods with HSR ≥
3.5 were more likely to be ‘green’ or
nutritious [43].
A HSR of 2.5 was deemed to be a
‘pass’ rating appropriate for nutritious
foods; a HSR of 2.0 or lower was
deemed to be a ‘fail’ rating
appropriate for nutrient-poor foods.
HSR demarcation of
recommended nutritious foods
and nutrient-poor foods
Nutritious foods should not have a
HSR ≤ 2.0Nutrient-poor foods should
not have a HSR ≥ 3.5
Nutritious foods should not have a
HSR ≤ 2.0Nutrient-poor foods should
not have a HSR ≥ 2.5
HSR is Health Star Rating.
1.2. FOPNL on Supermarket Own Brand Foods
Supermarkets have been identified as key supporters of FOPNL. In Australia, the two dominant
supermarket chains who account for over 70% of Australian grocery sales [44] pledged to implement
the HSR on all supermarket own brand foods (SOBF) [45], and therefore stop using the DIG [14].
SOBF (also known as private label, in-house brand, store brand, retailer brand, or home brand)
are owned by retailers, wholesalers or distributors and sold privately in their own stores [46].
These products make a significant contribution to the global food supply and are predicted to grow until
they dominate, led by the world’s largest supermarket chains [47]. In Australia, SOBF are predicted to
reach 35 percent of grocery sales by 2020 [48]. Other packaged foods, or branded foods (also known
as national brands, manufacturer brands, premium brands), are owned by food manufacturers [46].
Data from 2017 indicated two supermarket chains, Coles and Woolworths, and discount retailer Aldi
contributed over half of the products adopting the HSR in Australia [31]. Similarly, a UK study found
that almost all products that carried the government-endorsed traffic light system in the first two years
of implementation were SOBF from three supermarket chains [49]. Supermarkets in other countries
have implemented nutrient profiling schemes to guide healthy food choice on shelf-edge labels [50],
and set targets for the amount of healthy foods sold [51].
Supermarkets have a powerful position in the Australian food system [52] and their decision to
support the HSR is significant. Specific examination of uptake of FOPNL on SOBF, and alignment
with patterns of nutritional quality are therefore warranted. Assessing FOPNL present on SOBF is
important to monitor ongoing implementation of HSR. Alignment of HSR scores on SOBF with the
national food selection guide (Australian Guide to Healthy Eating (AGTHE) [12]) can inform the likely
impact of the labelling system on public health, given their leadership in HSR implementation and
market share. Application of the NOVA classification of level of food processing [53] adds to the
analysis of alignment between systems used to measure nutritional quality of foods and HSR.
This study aimed to address three research questions: (1) What is the prevalence of nutrition
labels on the front-of-pack of Australian SOBF? (2) How do Australian SOBF rate for nutritional quality
using three different measures: the AGTHE (food group-based), NOVA (food processing-based),
and HSR (nutrient-based)? (3) Are Australian supermarkets using the HSR to promote nutritious or
nutrient-poor own brand foods?
2. Materials and Methods
This study provides a ‘moment-in-time’ examination of SOBF in Perth, Western Australia,
including prevalence of the DIG and HSR on SOBF, the HSR scores present, and the nutritional
quality of SOBF displaying and not displaying the HSR. Alignment of the HSR with other measures of
nutritional quality is also analysed (Supplementary Figure S2).
Nutrients 2018, 10, 1465 5 of 19
2.1. Selection of Supermarkets
Supermarket audits were conducted in one of each major supermarket chain present in
Western Australia, i.e., Coles Supermarkets Australia Pty Ltd. (Coles, Melbourne, Australia),
Woolworths Supermarkets (Woolworths, Sydney, Australia), and Independent Grocery Association
Supermarkets (IGA, Perth, Australia). Aldi was excluded from this audit due to the different nature
of the retail outlets, whereby a limited range of mainly SOBF are sold at discounted prices [54].
The selected supermarkets were conveniently located in Perth in Western Australia, and were large
stores with an increased likelihood of displaying most of the SOBF available. The selected Woolworths
‘next generation’ store had been recently extensively refurbished [55]. The selected IGA was an
‘IGA store of the year’ for Western Australia. The selected Coles was the nearest large store to the
parent company Wesfarmers’ offices.
2.2. Identification of Supermarket Own Brand Foods
Supermarket own brands were identified by use of the supermarket’s branding on the
front-of-pack, and by referring to the supermarkets’ websites [56,57]. All packaged foods and
non-alcoholic beverages (referred to simply as ‘food’ hereon in) carrying a supermarket own brand
were included in the supermarket audits, including packaged unprocessed fresh food such as fruit,
vegetables, and meat. The following foods were collected during the supermarket audits, but excluded
from this study as the HSR is not an appropriate guide to selection: infant formula, infant food, baking
ingredients (e.g., baking powder), culinary condiments (e.g., dried herbs and spices, salt, vinegar)
plain coffee, and tea.
2.3. Data Collection
Two researchers visited each of the three stores together during a three-week period commencing
in February 2017, to conduct audits of SOBF. The main purpose of the audits was to assess the
nature and extent of SOBF in Australia, including products available, price, placement, promotion,
and nutritional quality. Therefore, data collection involved taking photographic images of the
front-of-pack, the shelf-edge label that displayed the price, the location of the product within the
store and on the shelf, and any promotional material present. Quality control procedures were
implemented to ensure the photographic images captured all the required information for all SOBF
present. Photographs were uploaded regularly to a laptop computer and checked for legibility at the
end of each day. Any illegible photographs that could not be used were listed and retaken during
subsequent visits.
2.4. Front-of-Pack Data Extraction
Photographic images were filed electronically. Relevant details were extracted from the images
into Excel databases created for each of the supermarkets. Within each supermarket’s spreadsheet,
18 worksheets were created to capture the information for each product group. Product groups
were designated based on the layout of the stores audited, where similar foods were co-located.
Within each product group (e.g., bakery and desserts), food groups were created (e.g., biscuits, cakes).
Pre-coded responses were established for each column for consistency of data entry. Free text was
only permitted for information such as the product name and description. Data entry for the first
food group was piloted to ensure all necessary information was entered and to establish any final
pre-coding changes needed. Two researchers conducted data extraction from the photographic images.
Both researchers reviewed the data for accuracy and changes were implemented by the first author as
required to ensure consistency of approach.
The data extracted from the photographic images included information displayed on the
front-of-pack, such as supermarket own brand, product name and description, pack weight or volume,
and voluntary nutrition labels. The FOPNL identified in this audit included: (a) the HSR only; (b) the
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HSR plus kilojoules per 100 g; (c) the HSR plus kilojoules, saturated fat, sugars, sodium per 100 g and
an optional nutrient; (d) the HSR energy only icon [58]; (e) the DIG thumbnail icon which displays
kilojoules per serve; and (f) the DIG preferred format of kilojoules, fat, saturated fat, sugars and sodium
per serve [15].
2.5. Assessment of Nutritional Quality
The nutritional quality of all SOBF present was assessed using front-of-pack information only.
Nutritional quality was assessed using the recommendations of the AGTHE, which identifies nutritious
foods which are part of the recommended five food groups, and energy-dense-nutrient-poor or
‘discretionary’ foods which should be limited [12]. The NOVA classification of level of food processing,
which aims to address the impact of industrial food processing on health, was also applied [53].
The HSR provided on the front-of-pack was recorded as displayed, and was not calculated for
products where it was not present. Although the HSR is not intended to be used on fruit, vegetables,
meat, poultry and fish, they are not excluded [15], therefore these products were not excluded from
the analysis. A HSR of 2.0 or less was taken to be an appropriate cut-off for nutrient-poor foods, and a
HSR of 2.5 or more appropriate for nutritious foods [40]. The use of 2.5 stars as a ‘pass’ rating is
logical and has more credibility as a potential consumer education message than use of 3.5 stars [40].
For example, consumers could be advised that foods with HSR of at least 2.5 stars are more likely to be
a nutritious choice. It is not logical to have a system which attributes 3 stars out of a possible 5 stars to
a nutrient-poor food that is not consistent with the AGTHE and expect consumers to deduce it would
be a poor food choice. It is also not consistent with dietary guideline recommendations to discourage
consumption of nutrient-poor discretionary foods. Qualitative research has confirmed that consumers
tended to use the HSR in a binary way, categorising foods with HSR of 2 stars or less as unhealthy,
and foods with HSR of 3 stars or more as healthier [35].
The AGTHE nutritious five food groups included: vegetables, legumes and beans; fruit; grain or
cereal foods; lean meat, poultry, fish, eggs, tofu, nuts, and seeds; and milk, yoghurt, cheese, and their
alternatives. Nutrient-poor discretionary foods include items that are high in saturated fat, sugars, salt,
or alcohol. Examples are provided in the Educator’s Guide [42]; however, they are limited to whole
foods, not meals or mixed foods, and provide overarching principles that can be applied to dietary
analysis more easily than packaged food classification. The Australian Bureau of Statistics (ABS) has
established principles for identifying discretionary foods [41]. The ABS principles were adapted for this
study, as there were many ready-to-eat products present in the audit which were not addressed by the
ABS criteria, and product nutrition information was not available to inform classification. A decision
tree was constructed to enable classification of products in accordance with the recommendations
of the AGTHE, with the addition of two new food groups: ‘Mixed products using mainly five food
group foods’, and ‘Mixed products high in fat, salt or sugar’ (Supplementary Table S1).
The NOVA classifications included: unprocessed or minimally processed foods (e.g., fruit,
vegetables, meat, grains, nuts); processed culinary ingredients (e.g., salt, sugar, vegetable oils,
butter); processed foods which are simple foods made with few ingredients (e.g., canned vegetables,
canned fish, cheese, cured or smoked meat); and ultra-processed foods (UPF), which are nutrient-poor,
industrial formulations that include ingredients or processes not found in the home (e.g., savoury
snacks, cereal bars, biscuits, instant sauces, pre-prepared dishes such as pies and pizzas) [53].
Studies have shown UPF have higher saturated fat, sugar and sodium content compared to less
processed foods [53,59]. High levels of UPF consumption have been associated with excess weight [60],
increased risk of cancer [61], and reduced diet quality [62]. The recommendations of the AGTHE and
the HSR algorithm do not currently consider the level of food processing; however, researchers have
identified the benefits of incorporating consideration of the level of food processing into national
policies to improve dietary health [63].
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2.6. Statistical Analysis
Data were analysed using the SPSS for Windows statistical software package version 24 (IBM Corp.
Released 2016. Armonk, NY, USA: IBM Corp USA). The frequency of use of six different formats
of FOPNL was compared between the three supermarkets. A comparison of the frequency of HSR
labels on foods classified using the AGTHE food groups, and the NOVA levels of food processing was
produced. For SOBF displaying the HSR, mean HSR, standard deviation, minimum, and maximum
were derived for all AGTHE food groups and foods classified using the NOVA levels of food processing.
Charts that displayed the frequency of HSR scores by supermarket chain, AGTHE food group,
and NOVA level of food processing were prepared. Chi-square tests of independence were performed
to examine the relationship between presence of HSR on the front-of-pack of SOBF and their nutritional
quality as assessed using the AGTHE and NOVA, and to examine the relationship between foods that
achieved a HSR of 2.5 or above and HSR of 2.0 and below and their nutritional quality as assessed
using the AGTHE and NOVA.
3. Results
Approximately 20,000 photographic images were collected for 3940 SOBF in this audit. There were
1812 SOBF present in the Woolworths store, 1731 SOBF in the Coles store, and 397 SOBF in the IGA store.
After excluding infant formula, infant food, baking ingredients, culinary condiments, plain coffee,
and tea, there were 3737 SOBF included in this study: 1707 from Woolworths, 1645 from Coles,
and 385 from IGA (Table 2).
Table 2. Front-of-pack nutrition labels present on supermarket own brand foods in Australia.
Coles Woolworths IGA All Supermarkets
Frequency Percent Frequency Percent Frequency Percent Frequency Percent
Health Star Rating with kJ and nutrients 662 40.2% 570 33.4% 0 0.0% 1232 33.0%
Health Star Rating with kJ 149 9.1% 118 6.9% 0 0.0% 267 7.1%
Health Star Rating only 318 19.3% 233 13.6% 0 0.0% 551 14.7%
Health Star Rating energy only icon 9 0.5% 0 0.0% 0 0.0% 9 0.2%
Sub-total: Health Star Rating present 1138 69.2% 921 54.0% 0 0.0% 2059 55.1%
Daily Intake Guide with kJ and nutrients 185 11.2% 408 23.9% 159 41.3% 752 20.1%
Daily Intake Guide kJ only 29 1.8% 52 3.0% 153 39.7% 234 6.3%
Sub-total: Daily Intake Guide present 214 13.0% 460 26.9% 312 81.0% 986 26.4%
Total: Front-of-pack nutrition labels present 1352 82.2% 1381 80.9% 312 81.0% 3045 81.5%
Total 1645 1707 385 3737
3.1. Prevalence of Front-of-Pack Nutrition Labels on Supermarket Own Brand Foods
Most SOBF (81.5%) featured either the HSR or DIG on the front-of-pack (Table 2), no products
included both. Over half of all SOBF (55.1%) featured the HSR. Coles had the largest proportion of
foods featuring the HSR (69.2%), followed by Woolworths (54.0%), and the HSR was not present
on any SOBF in IGA. The full HSR logo that includes kilojoules and nutrient information was the
most commonly used version across Coles and Woolworths, present on 33.0% of all audited products.
A quarter of SOBF (26.4%) featured the DIG. The DIG was present on most IGA SOBF (81.0%), 26.9% of
Woolworths, and 13.0% of Coles SOBF.
Analysis of presence of FOPNL on SOBF included packaged unprocessed fresh food such
as fruit, vegetables, and meat (n = 438), even though the HSR was not intended to be used on
such foods. HSR was present on 4.1% of all packaged fresh foods, including: fish, beef, pork, lamb,
vegetables. DIG was present on 2.7% of all packaged fresh foods, including: beef, pork, lamb, herbs,
chicken and vegetables.
3.2. Nutritional Quality of Supermarket Own Brand Foods Using the Australian Guide to Healthy Eating
Using the principles of the AGTHE, half (51.3%) of the SOBF present in this study were classified
as nutritious foods, 46.6% were nutrient-poor, and 2.1% were culinary ingredients (e.g., mustard,
Nutrients 2018, 10, 1465 8 of 19
liquid stock) (Table 3). The nutritious food group with the most SOBF present was the meat and meat
substitute group which included lean meat, fish, eggs, tofu, nuts and seeds (14.0%), followed by grain
or cereal foods (13.0%). However, the proportion of nutrient-poor discretionary SOBF present was far
greater at 45.2%.
Table 3. Health Star Rating scores for supermarket own brand foods in Australia, classified by
nutritional quality.
Supermarket
Own Brand
Foods Present
Supermarket Own
Brand Foods
Displaying HSR
Health Star Rating
N % N % Mean SD Min. Max.
Australian Guide to Healthy Eating food groups
Nutritious foods
Vegetables, legumes and beans 351 9.4 101 4.9 4.34 0.604 2.0 5.0
Fruit 166 4.4 77 3.8 4.04 0.802 2.5 5.0
Grain or cereal foods 484 13.0 263 12.8 3.92 0.727 1.5 5.0
Lean meat, fish, eggs, tofu, nuts and seeds 523 14.0 223 10.9 4.11 0.524 2.0 5.0
Milk, yogurt, cheese, alternatives 185 5.0 113 5.5 3.04 1.258 0.5 5.0
Mixed product using mainly five food group foods 184 4.9 172 8.4 3.65 0.376 3.0 4.5
Water 25 0.7 11 0.5 5.00 0.000 5.0 5.0
Sub-total: nutritious foods 1918 51.3 960 46.9 3.88 0.806 0.5 5.0
Nutrient-poor foods
Discretionary foods 1689 45.2 1025 50.1 2.09 1.102 0.5 5.0
Mixed product high in fat sugar or salt 52 1.4 50 2.4 2.90 0.995 0.5 4.0
Sub-total: nutrient-poor foods 1741 46.6 1075 52.5 2.13 1.110 0.5 5.0
Other foods
Culinary ingredients/other 78 2.1 14 0.7 3.64 0.929 2.0 5.0
NOVA food processing classification
Unprocessed or minimally processed 928 24.8 313 15.3 4.35 0.790 0.5 5.0
Processed culinary ingredients 119 3.2 59 2.9 2.62 1.303 0.5 5.0
Processed foods 564 15.1 341 16.6 3.46 1.114 0.5 5.0
Ultra-processed foods 2126 56.9 1336 65.2 2.52 1.178 0.5 5.0
Total 3737 2049 54.6 2.96 1.310 0.5 5.0
N is number, SD is standard deviation, Min. is minimum, Max. is maximum.
3.3. Nutritional Quality of Supermarket Own Brand Foods Using NOVA
Over half (56.9%) of all SOBF were classified as UPF (Table 3). A quarter (24.8%) of SOBF
were unprocessed or minimally processed, 15.1% were processed foods, and 3.2% were processed
culinary ingredients.
3.4. Nutritional Quality of Supermarket Own Brand Foods Using HSR Scores
The HSR was not calculated for foods that did not display the device (n = 1688), so the dataset
used for analysis includes 2049 SOBF. The mean HSR of all SOBF was 2.96 (range 0.5–5.0, n = 2049).
The mean HSR for Coles SOBF was 2.92 (range 0.5–5.0, n = 1129), and the mean HSR for Woolworths
SOBF was 3.01 (range 0.5–5.0, n = 921). The most frequently occurring HSR scores were 3.5 stars
(Coles n = 180, Woolworths n = 173) and 4.0 stars (Coles n = 215, Woolworths n = 157) (Figure 1).
More of the Woolworths SOBF scored HSR of ≥2.5 compared to Coles SOBF (69.1% for Woolworths,
65.7% for Coles).
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3.5. lign ent bet een S and ther easures of utritional uality
S er arket o n brand food groups classified as nutritious using the AGTHE achieved a range of
mean HSR scores (Table 3). Mean HSR scores for nutritious food groups were all above the designated
cut-off of 2.5 stars. Vegetables, legumes and beans had a mean HSR of 4.3; fruit had a mean HSR
of 4.0; grain or cereal foods had a mean HSR of 3.9; lean meat, fish, eggs tofu, nuts, and seeds ha
a mean HSR of 4.1; milk, yogurt, cheese, and alternatives had a mean HSR of 3.0; and mixe foods
using mai ly five food group foods had a mean HSR of 3.7. However, Figure 2 shows the frequency of
HSR scores for each food group; 26.5% of the milk, yogurt, cheese, and alternatives food group score
below 2.5 stars. Nutrient-poor SOBF failed to achieve mean HSR scores of the designated cut-off of
2.0 or below. Discretionary foods had a mean HSR of 2.1; and ixed foods high in fat sugar or salt had
a mean HSR f 2.9. Figure 2 shows the frequency of HSR scores for these nutrient-poor foods; 39% of
discretionary foods and 84% of mixed products high in fat sugar or salt scored HSR of 2.5 or over.
The food groups recommended in the NOVA classification system as the foundation of healthy
dietary patterns, unprocessed and minimally processed foods, achieved a mean HSR of 4.4 (Table 3).
Processed foods achieved a mean HSR of 3.5, and processed culinary ingredients achieved a mean HSR
of 2.6. The food group recommended to be avoided in the NOVA classification system, nutrient-poor
UPF, achieved a mean HSR of 2.5. Therefore, nutrient-poor ultra-processed SOBF failed to meet the
designated HSR cut-off of 2.0 or below. Figure 3 shows the frequency of HSR scores for the NOVA
food groups: 98% of nutritious unprocessed or minimally processed foods scored HSR of 2.5 or over;
however, 55% of nutrient-poor UPF also scored HSR of 2.5 or over.
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3.6. Presence of HSR on Nutritious and Nutrient-Poor Supermarket Own Brand Foods
A chi-square test of independence was performed to examine the relationship between presence of
HSR on the front-of-pack of SOBF and their nutritional quality (Table 4). Using the AGTHE food group
classifications, nutrient-poor SOBF were more likely to display HSR than nutritious foods. Using the
NOVA classification of level of food processing, nutrient-poor UPF were more likely to display HSR
than other foods.
Table 4. Chi-square test of independence between presence of HSR on the front-of-pack of supermarket
own brand foods and their nutritional quality.
Nutritional Quality
Health Star Rating
Present
No Health Star
Rating Present
Chi Square Tests
of Independence
N (Percent) N (Percent) χ2 p Value
Australian Guide to Healthy Eating classification
Nutrient-poor foods 1075 (52.8%) 666 (41.0%)
51.509 <0.001Nutritious foods 960 (47.2%) 958 (59.0%)
NOVA food processing classification
Ultra-processed foods 1336 (65.2%) 790 (46.8%)
128.121 <0.001All other foods 713 (34.8%) 898 (53.2%)
A chi-square test of independence examined the relationship between foods that achieved a HSR
of 2.5 or above (an appropriate score for nutritious foods) and HSR of 2.0 and below (an appropriate
score for nutrient-poor foods) and other measures of nutritional quality (Table 5). Foods classified as
nutritious using the principles of the AGTHE were more likely to display HSR≥ 2.5 than nutrient-poor
foods. However, foods classified as nutrient-poor UPF using NOVA were more likely to achieve a
HSR ≥ 2.5 than all other foods. In addition, the results indicate that of the SOBF carrying a HSR label,
41.3% of AGTHE nutrient-poor foods and 4.2% of AGTHE nutritious foods were given inappropriate
HSR scores.
Table 5. Chi-square test of independence between HSR scores and measures of nutritional quality.
Nutritional Quality
Health Star
Rating≤ 2.0
Health Star
Rating≥ 2.5
No Health Star
Rating Present
Chi Square Tests
of Independence
N (Percent) N (Percent) N (Percent) χ2 p Value
Australian Guide to Healthy Eating classification
Nutrient-poor foods 631 (94.0%) 444 (32.6%) 666 (41.0%)
732.303 <0.001Nutritious foods 40 (6.0%) 920 (67.4%) 958 (59.0%)
NOVA food processing classification
Ultra-processed foods 577 (85.9%) 759 (55.1%) 790 (46.8%)
310.828 <0.001All other foods 95 (14.1%) 618 (44.9%) 898 (53.2%)
4. Discussion
Supermarkets play a powerful gatekeeper role in the Australian food system [52] and are key
supporters of the government-led front-of-pack HSR system [45]. This study aimed to examine
prevalence of the HSR and food industry-led DIG on SOBF in Australia. It also aimed to assess
the nutritional quality of SOBF using the AGTHE [12] and NOVA levels of food processing [53],
and identify whether uptake of the HSR was aligned with these measures.
This study found that most SOBF in Australia included a FOPNL of some kind. HSR was
widespread on Coles SOBF, present on over half of Woolworths SOBF, but not present on any IGA SOBF,
which used the DIG instead. IGA supermarkets are independently operated and predominantly
supplied with products by Australia’s largest wholesaler Metcash (Sydney, Australia), who is also
responsible for the marketing of IGA [64]. The decision not to add HSR to SOBF was therefore made by
Metcash. In February 2018, Metcash stated they used the DIG instead of HSR as they believed it was
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“more beneficial for shoppers . . . due to the increased nutritional information it provides” [65]. It is interesting
to note that Metcash is a member of the government-led Healthy Food Partnership (HFP) [66],
which advocates use of the HSR as a key support to their work on product reformulation [67]. As HSR
and the HFP are the only two Australian government initiatives which aim to address population
dietary health, lack of HSR uptake by a HFP member deserves further examination.
Findings indicate that while good progress had been made in applying the HSR to SOBF,
neither Coles nor Woolworths had fulfilled their commitments to label all SOBF with the HSR by
2016 [45]. This is important, because the two supermarkets privately govern the Australian food
system [52], and failure to fulfil commitments may erode trust in their ability. Only a third of SOBF
from the bread and alternatives product group displayed either the HSR or DIG. However, many of
these products were from the in-store bakery, which carried labels with branding, ingredients and
allergen information only. All foods carrying a supermarket own brand on the label were included in
this study, including packaged fresh whole foods such as fruit, vegetables, fish and meat, which the
HSR style guide states the system was not intended for [58]. However, few of the prepacked fresh
foods displayed either the HSR or DIG. The only foods excluded from analysis were infant formula,
infant food, baking ingredients, culinary condiments, plain coffee, and tea, as the HSR cannot usefully
guide selection of these items. The HSR system is currently undergoing a five-year review, and one
of the areas of consideration is the foods it should appear on [68]. Given an automatic five-star
rating currently applies to packaged water [58], which is a product not required to carry nutrition
information [69], and the fact that supermarkets are currently displaying the HSR on selected fresh
whole foods such as meat, it is logical to encourage its use across packaged whole foods, especially the
nutritious foods recommended in the AGTHE [12]. Scoring of these recommended nutritious whole
foods needs to be considered, one option being allocation of the same automatic five-star rating as
water. In addition, consideration of applying the HSR to shelf-edge tags for unpackaged or fresh whole
foods, similar to the American Guiding Stars system [70], should be considered.
An assessment of the proportion of packaged products displaying the HSR in Sydney
supermarkets in 2017 [31] had some differences in findings to this assessment of SOBF in Perth
supermarkets. There were more SOBF identified in the Perth stores, which is only partly explained by
the inclusion of packaged whole fresh foods that carried an own brand on the label. Some of these
foods, including packaged fresh meat, displayed the HSR which was the reason for their inclusion.
There were more Coles SOBF foods which carried the HSR on labels identified in the Sydney audit
(1246 versus 1128), which could be a result of differences in the products sold between locations,
or the timing of the audits. The differences were more pronounced when comparing findings for
Woolworths. The Perth audit identified considerably more Woolworths SOBF foods which carried the
HSR (921 versus 713); however, the greater number of SOBF overall meant that the proportion reported
in this study was significantly lower compared to the Sydney-based study [31]. Similarly, there were
considerable differences in the IGA findings. More than double the number of SOBF were identified
in the Perth audit compared to the Sydney audit. IGA supermarkets are not centrally managed,
and available products are selected by the owner or manager. Therefore, the difference in the number
of SOBF is not surprising. Studies found no (or one) IGA SOBF carried the HSR. These differences
in findings for the number of SOBF present, and the proportion displaying the HSR, indicate that
examination of differences in product availability between the Australian States and Territories is
needed. This is important because most Australian studies assessing attributes of supermarket
environments to date have been conducted in Sydney and Melbourne [71], and findings may not
translate to other metropolitan areas within Australia.
The nutritional quality of SOBF identified in this study was assessed using three different
measures: the AGTHE [12], NOVA [53], and HSR [72]. Most Australians do not eat the recommended
amount of nutritious foods needed for good health, and a third of population energy intake was
from nutrient-poor discretionary foods in 2011–12 [73]. Only half of the SOBF present were classified
as nutritious foods recommended by the AGTHE. This proportion is higher than that of a recent
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evaluation of the nutritional quality of the Australian food supply [74], only partly explained by the
inclusion of packaged fresh whole foods in this study. Over half of the SOBF present were classified as
nutrient-poor UPF. This is consistent with other studies that have found a large proportion of such
highly processed foods present in the Australian food supply [74,75]. In fact, most new products
launched in Australia in 2015 were UPF [76]. Supermarkets control development of SOBF by suppliers
and can determine the nutritional quality [77]. They can also use SOBF to influence consumer food
choice [78]. This study shows that more effort is needed by Australian supermarkets to ensure their
contribution to the food supply supports healthy food selection.
A range of mean HSR scores were obtained for each of the AGTHE nutritious five food groups in
this study. Three of the five food groups achieved a mean HSR above 4 stars, and few of these foods
scored less than 2.5 stars. However, of the recommended dairy foods with HSR present, a quarter
failed to be scored as nutritious. Previous investigation of the ability of HSR to identify nutritious
dairy foods also found a large proportion scored less than 2.5 stars, particularly hard cheeses [79].
The authors attributed this finding to the contribution of saturated fat content to the HSR algorithm [79].
Technical flaws in the ability of the HSR algorithm to identify recommended dairy foods have also
been identified by Lawrence et al. [40]. The mean HSR scores for nutrient-poor discretionary foods,
mixed products high in fat sugar or salt, and UPF, and the predominance of UPF with HSR scores
indicating they were nutritious choices, further illuminate the inconsistencies between HSR and other
measures of nutritional quality. This study’s findings indicate the HSR algorithm currently fails to
score recommended dairy foods, discretionary foods, mixed products high in fat sugar or salt, or
UPF appropriately.
The French FOPNL was also based on the UK nutrient profiling model used by Ofcom to regulate
food advertising to children [26]. Unlike the HSR, the French Nutri-Score label underwent analysis
for consistency with the French nutritional recommendations, whereby adaptations were made to the
algorithm to improve the ability of the system to discriminate between recommended and nutrient-poor
foods [26]. In Australia, a wide variety of nutritious five food group foods are recommended [42].
Advice is also given on the amount to eat and best choices to make, for example: choose canned
legumes and vegetables without added salt, whole fruit is preferable to fruit juice, wholegrains are
preferable to refined grains, no more than 455g of cooked lean red meat is recommended each week,
low and reduced-fat dairy foods are better choices for most people compared to full-fat dairy foods [42].
Adapting the algorithm to ensure it promotes the recommendations of the Australian Dietary
Guidelines using the same three levels of detail examined in the French study [26] is recommended:
across food groups (i.e., nutritious and nutrient-poor food groups obtain scores that are demarcated),
within food groups (i.e., best choices and all other choices obtain scores that are demarcated),
and similar products from different brands obtain scores that allow for meaningful comparison.
Several studies have assessed the alignment of FOPNL with dietary guidelines, and there is
a current lack of consistency in the cut-off scores assigned to identify nutritious and nutrient-poor
foods. For example, the French study that assessed the ability of the Nutri-Score label to discriminate
nutritional quality stated that foods to be encouraged (i.e., nutritious foods) should have a green or
yellow rating, and foods to be limited (i.e., nutrient-poor or energy-dense foods) should have a pink
or red rating; the midway rating of orange was not applied to either group [26]. Applying the same
cut-off principles to the HSR would translate to nutritious foods attaining≥3.5 stars, and nutrient-poor
foods attaining ≤2.0 stars. One Australian study assigned cut-off scores to identify HSR that were
‘apparent outliers’, stating nutrient-poor foods should not score ≥3.5 stars, and nutritious foods should
not score ≤2.0 stars [39]. Other Australian studies have used HSR of 3.5 as a cut-off to distinguish
between foods that are recommended in the dietary guidelines, and nutrient-poor discretionary
foods [29,31,74,80]. They refer to work which analysed the alignment of the HSR with the colour-coded
Traffic Light system used by the New South Wales Government to identify nutritious foods in settings
such as schools, hospitals, and workplaces [43]. Another Australian study used HSR of≥2.5 to indicate
scores that are appropriate for nutritious foods [40]. Given FOPNL is a highly contested area of food
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labelling [2], and selection of HSR scores considered appropriate for nutritious and nutrient-poor
foods can impact findings, robust and transparent analysis of the implications of HSR cut-off scores
is recommended.
The current study’s findings indicate that application of HSR by two supermarkets on SOBF has
served to promote nutrient-poor food choices. Nutrient-poor and ultra-processed SOBF were more
likely to include the HSR on the front-of-pack than nutritious foods, and many achieved HSR scores of
2.5 stars and over, inaccurately indicating they were a healthy choice. These findings are likely to reflect
flaws inherent in the system which are currently being considered in a five-year review [68], rather than
supermarket decision-making per se. Decisions made by the HSR advisory committee to exclude foods
such as packaged fruit, vegetables, meat, and fish from the expectation of HSR labelling, but assign an
automatic five stars to packaged water [58], means the recommendations of the Australian Dietary
Guidelines [12] are not promoted consistently. Specific concerns about the ability of the HSR algorithm
to promote recommended nutritious foods have also been raised [40,81–84]. Regardless, Australia’s
two largest supermarkets [44], which wield enormous power over the food system [52], have been
key supporters of the HSR, leading uptake on packaged food [31]. Coles and Woolworths have
participated in Australian government-led population nutrition initiatives such as HSR and the HFP
since 2009, but their influence is unknown [52]. In particular, lack of transparency over development,
validation, and implementation of HSR in Australia means the drivers of decision-making remain
hidden. Research to determine the nature and extent of influence by supermarkets, and others with
vested interests, over decisions that affect national nutrition policy (i.e., HSR and HFP) is needed.
Strengths of this study include the large sample size, and the specific focus on examining use
of FOPNL on SOBF which was driven by the commitment of two supermarkets to adopt the HSR
across all SOBF. In addition, the supermarket audit methodology collected data over three weeks from
three large stores, which were purposively selected to give an increased likelihood of most of the
SOBF being available. The extensive data collection conducted over a short time period meant that
only front-of-pack photographs were taken. Therefore, the ABS discretionary food list, which uses
nutrient cut-offs in some of its definitions, was not suitable for classification of foods consistent with
the recommendations of the AGTHE in this study. However, a rigorous process was developed to
ensure consistency in using front-of-pack information for classification, and some products displayed
the full HSR label, which includes nutrient information. Data were collected in Perth in Western
Australia, and findings may not translate to other Australian metropolitan areas, as consistency in
SOBF availability is currently not known. Seasonality may also affect findings, and as this study was
conducted between the end of the Australian school summer holidays and Easter, supermarket audits
conducted at other times of the year may find different SOBF availability.
5. Conclusions
This study found that most SOBF present in three Perth supermarkets included a FOPNL.
HSR application was widespread on the Coles SOBF, present on over half of the Woolworths
SOBF, but not present on any of the IGA SOBF, which used the DIG instead. Nutrient-poor and
ultra-processed SOBF were more likely to include the HSR on the front-of-pack than nutritious foods,
and many of these foods achieved HSR scores indicating they were a healthy choice. Supermarkets
have a powerful position in the Australian food system, and they could do more to support healthy
food selection. Recommendations for supermarkets include:
(i) Use their influence and power by advocating to government for changes to the HSR algorithm,
to ensure it achieves the original policy aim of identifying healthier foods consistent with the
Australian Dietary Guidelines;
(ii) Apply the HSR to all foods including packaged unprocessed fresh foods such as fruit, vegetables,
fish and meat;
(iii) After the algorithm has been modified to ensure it achieves the original policy aim, Coles and
Woolworths should fulfil their commitments to label all SOBF with the HSR and remove the DIG
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from packaging. Metcash should support application of HSR to all SOBF and remove the DIG
from packaging;
(iv) Consider setting targets to improve the proportion of SOBF that are classified as nutritious using
the AGTHE, NOVA, or HSR score; and
(v) Increase transparency of contributions to key government-led initiatives that aim to improve the
dietary health of all Australians (i.e., HSR and HFP).
In addition, future research recommendations include:
(i) Compare differences in SOBF availability between the Australian States and Territories,
to determine whether supermarket audit findings can be translated between metropolitan regions.
(ii) Adapt the HSR algorithm to ensure it promotes the recommendations of the Australian Dietary
Guidelines using three levels of detail: across food groups (i.e., nutritious and nutrient-poor food
groups obtain scores that are demarcated), within food groups (i.e., best choices and all other
choices obtain scores that are demarcated), and similar products from different brands obtain
scores that allow for meaningful comparison. In particular, this study’s findings indicate the
HSR algorithm currently fails to score nutritious dairy foods, nutrient-poor discretionary foods,
mixed products high in fat sugar or salt, or UPF appropriately.
(iii) Assess and report on the nature and extent of supermarket (i.e., Coles and Woolworths),
and wholesaler (i.e., Metcash) influence over decisions that affect Australian food and nutrition
policy, by analysing their contribution to HSR and the HFP.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/10/1465/
s1, Table S1: Procedure to classify foods consistent with the Australian Guide to Healthy Eating; Figure S1: Front
of pack nutrition labels present in Australia; Figure S2: The research process.
Author Contributions: C.E.P. conceived the study design and research objectives in consultation with C.M.P.,
C.E.P. developed the research questions and store audit guide, C.E.P collected the data, completed data entry, and
analysed the data, C.E.P. wrote the first draft of the article in consultation with C.M.P., J.A.S., G.S.A.T. and C.M.P
reviewed the manuscript and contributed to subsequent drafts.
Funding: This research was funded by Healthway grant number 24124 and NHMRC grant number 1073233.
Acknowledgments: C.E.P. is supported through a Western Australian Health Promotion Foundation (Healthway)
PhD Scholarship (24124) and an Australian Government Research Training Program Scholarship. The authors
would like to thank Frances Foulkes-Taylor for assistance with data collection and data entry.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; and in the decision to
publish the results.
References
1. IOM (Institute of Medicine). Examination of Front-of-Package Nutrition Rating Systems and Symbols: Phase I
Report; The National Academies Press: Washington, DC, USA, 2010.
2. Lobstein, T.; Davies, S. Defining and labelling ‘healthy’ and ‘unhealthy’ food. Public Health Nutr. 2009,
12, 331–340. [CrossRef] [PubMed]
3. Dotsch-Klerk, M.; Jansen, L. The choices programme: A simple, front-of-pack stamp making healthy choices
easy. Asia Pac. J. Clin. Nutr. 2008, 17, 383–386. [PubMed]
4. Food Standards Agency. Board Agrees Principles for Front of Pack Labelling. Available online:
https://web.archive.org/web/20080724182226/www.food.gov.uk/news/newsarchive/2006/mar/
signpostnewsmarch (accessed on 13 August 2018).
5. Fischer, L.M.; Sutherland, L.A.; Kaley, L.A.; Fox, T.A.; Hasler, C.M.; Nobel, J.; Kantor, M.A.; Blumberg, J.
Development and implementation of the Guiding Stars nutrition guidance program. Am. J. Health Promot.
2011, 26, e55–e63. [CrossRef] [PubMed]
6. Hamlin, R. Front of pack nutrition labelling, nutrition, quality and consumer choices. Curr. Nutr. Rep. 2015,
4, 1–7. [CrossRef]
Nutrients 2018, 10, 1465 16 of 19
7. Kanter, R.; Vanderlee, L.; Vandevijvere, S. Front-of-package nutrition labelling policy: Global progress and
future directions. Public Health Nutr. 2018, 21, 1–10. [CrossRef] [PubMed]
8. IOM (Institute of Medicine). Front-of-Package Nutrition Rating Systems and Symbols: Promoting Healthier Choices;
The National Academies Press: Washington, DC, USA, 2012.
9. Hawley, K.L.; Roberto, C.A.; Bragg, M.A.; Liu, P.J.; Schwartz, M.B.; Brownell, K.D. The science on
front-of-package food labels. Public Health Nutr. 2013, 16, 430–439. [CrossRef] [PubMed]
10. Department of Health. Health Star Rating System. Available online: http://healthstarrating.gov.au/internet/
healthstarrating/publishing.nsf/Content/About-health-stars (accessed on 20 July 2015).
11. Department of Health. Australia and New Zealand Food Regulation Ministerial Council Front of Pack
Labelling Policy Statement. Available online: http://foodregulation.gov.au/internet/fr/publishing.nsf/
Content/publication-Policy-Statement-on-Front-of-Pack-Labelling (accessed on 3 November 2017).
12. National Health and Medical Research Council. Australian Dietary Guidelines; Commonwealth of Australia:
Canberra, Australia, 2013.
13. Food Regulation Secretariat. Front-of-Pack Labelling (FOPL) Project Committee Meeting—11 May 2012.
Available online: http://foodregulation.gov.au/internet/fr/publishing.nsf/Content/frontofpackcommittee
(accessed on 12 September 2018).
14. Australian Food and Grocery Council. Daily Intake Labelling. Available online: http://www.afgc.org.au/
key-projects/daily-intake-labelling/ (accessed on 5 February 2016).
15. Australian Food and Grocery Council. The Daily Intake Guide Style Guide. Available online: https://
www.afgc.org.au/our-expertise/health-nutrition-and-scientific-affairs/afgcbestpracticeguides/ (accessed
on 31 January 2018).
16. Talati, Z.; Norman, R.; Pettigrew, S.; Neal, B.; Kelly, B.; Dixon, H.; Ball, K.; Miller, C.; Shilton, T. The impact
of interpretive and reductive front-of-pack labels on food choice and willingness to pay. Int. J. Behav. Nutr.
Phys. Acct. 2017, 14, 171. [CrossRef] [PubMed]
17. Talati, Z.; Pettigrew, S.; Ball, K.; Hughes, C.; Kelly, B.; Neal, B.; Dixon, H. The relative ability of different
front-of-pack labels to assist consumers discriminate between healthy, moderately healthy, and unhealthy
foods. Food Qual. Preference 2017, 59, 109–113. [CrossRef]
18. Ni Mhurchu, C.; Volkova, E.; Jiang, Y.; Eyles, H.; Michie, J.; Neal, B.; Blakely, T.; Swinburn, B.; Rayner, M.
Effects of interpretive nutrition labels on consumer food purchases: The Starlight randomized controlled trial.
Am. J. Clin. Nutr. 2017. [CrossRef] [PubMed]
19. Scarborough, P.; Rayner, M.; Stockley, L. Developing nutrient profile models: A systematic approach.
Public Health Nutr. 2007, 10, 330–336. [CrossRef] [PubMed]
20. Rayner, M.; Scarborough, P.; Lobstein, T. The UK Ofcom Nutrient Profiling Model: Defining ‘Healthy’
and ‘Unhealthy’ Foods and Drinks for TV Advertising to Children; OfCom: London, UK, 2009;
Available online: https://www.ndph.ox.ac.uk/cpnp/files/about/uk-ofcom-nutrient-profile-model.pdf
(accessed on 3 November 2017).
21. Arambepola, C.; Scarborough, P.; Rayner, M. Validating a nutrient profile model. Public Health Nutr. 2008,
11, 371–378. [CrossRef] [PubMed]
22. Julia, C.; Méjean, C.; Touvier, M.; Péneau, S.; Lassale, C.; Ducrot, P.; Hercberg, S.; Kesse-Guyot, E. Validation of
the FSA nutrient profiling system dietary index in French adults—Findings from Suvimax study. Eur. J. Nutr.
2016, 55, 1901–1910. [CrossRef] [PubMed]
23. Julia, C.; Kesse-Guyot, E.; Ducrot, P.; Péneau, S.; Touvier, M.; Méjean, C.; Hercberg, S. Performance of a five
category front-of-pack labelling system–the 5-colour nutrition label–to differentiate nutritional quality of
breakfast cereals in France. BMC Public Health 2015, 15, 179. [CrossRef] [PubMed]
24. Julia, C.; Etilé, F.; Hercberg, S. Front-of-pack Nutri-score labelling in France: An evidence-based policy.
Lancet Public Health 2018, 3, e164. [CrossRef]
25. Julia, C.; Péneau, S.; Buscail, C.; Gonzalez, R.; Touvier, M.; Hercberg, S.; Kesse-Guyot, E. Perception of
different formats of front-of-pack nutrition labels according to sociodemographic, lifestyle and dietary factors
in a French population: Cross-sectional study among the nutrinet-santé cohort participants. BMJ Open 2017,
7, e016108. [CrossRef] [PubMed]
26. Julia, C.; Ducrot, P.; Péneau, S.; Deschamps, V.; Méjean, C.; Fézeu, L.; Touvier, M.; Hercberg, S.; Kesse-Guyot, E.
Discriminating nutritional quality of foods using the 5-color nutrition label in the French food market:
Consistency with nutritional recommendations. Nutr. J. 2015, 14, 100. [CrossRef] [PubMed]
Nutrients 2018, 10, 1465 17 of 19
27. Poon, T.; Labonté, M.-È.; Mulligan, C.; Ahmed, M.; Dickinson, K.M.; L’Abbé, M.R. Comparison of nutrient
profiling models for assessing the nutritional quality of foods: A validation study. Br. J. Nutr. 2018, 5, 1–16.
[CrossRef] [PubMed]
28. Dunford, E.; Huang, L.; Peters, S.; Crino, M.; Neal, B.; Ni Mhurchu, C. Evaluation of alignment between the
health claims nutrient profiling scoring criterion (NPSC) and the Health Star Rating (HSR) nutrient profiling
models. Nutrients 2018, 10, 1065. [CrossRef] [PubMed]
29. Menday, H.; Neal, B.; Wu, J.H.Y.; Crino, M.; Baines, S.; Petersen, K.S. Use of added sugars instead of
total sugars may improve the capacity of the Health Star Rating system to discriminate between core and
discretionary foods. J. Acad. Nutr. Diet. 2017, 117, 1921–1930. [CrossRef] [PubMed]
30. Cooper, S.L.; Pelly, F.E.; Lowe, J.B. Assessment of the construct validity of the Australian Health Star Rating:
A nutrient profiling diagnostic accuracy study. Eur. J. Clin. Nutr. 2017. [CrossRef] [PubMed]
31. Jones, A.; Shahid, M.; Neal, B. Uptake of Australia’s Health Star Rating system. Nutrients 2018, 10, 997.
[CrossRef] [PubMed]
32. Pettigrew, S.; Talati, Z.; Miller, C.; Dixon, H.; Kelly, B.; Ball, K. The types and aspects of front-of-pack food
labelling schemes preferred by adults and children. Appetite 2017, 109, 115–123. [CrossRef] [PubMed]
33. Hamlin, R.; McNeill, L. Does the Australasian “Health Star Rating” front of pack nutritional label
system work? Nutrients 2016, 8, 327. [CrossRef] [PubMed]
34. Hamlin, R.; McNeill, L. The impact of the Australasian ‘Health Star Rating’, front-of-pack nutritional label,
on consumer choice: A longitudinal study. Nutrients 2018, 10, 906. [CrossRef] [PubMed]
35. Talati, Z.; Pettigrew, S.; Kelly, B.; Ball, K.; Dixon, H.; Shilton, T. Consumers’ responses to front-of-pack labels
that vary by interpretive content. Appetite 2016, 101, 205–213. [CrossRef] [PubMed]
36. Talati, Z.; Pettigrew, S.; Dixon, H.; Neal, B.; Ball, K.; Hughes, C. Do health claims and front-of-pack labels
lead to a positivity bias in unhealthy foods? Nutrients 2016, 8, 787. [CrossRef] [PubMed]
37. Ni Mhurchu, C.; Eyles, H.; Choi, Y.H. Effects of a voluntary front-of-pack nutrition labelling system on
packaged food reformulation: The Health Star Rating system in New Zealand. Nutrients 2017, 9, 918.
[CrossRef] [PubMed]
38. Mantilla Herrera, A.; Crino, M.; Erskine, H.; Sacks, G.; Ananthapavan, J.; Mhurchu, C.; Lee, Y.
Cost-effectiveness of product reformulation in response to the Health Star Rating food labelling system in
australia. Nutrients 2018, 10, 614. [CrossRef] [PubMed]
39. Jones, A.; Rådholm, K.; Neal, B. Defining ‘unhealthy’: A systematic analysis of alignment between the
Australian dietary guidelines and the Health Star Rating system. Nutrients 2018, 10, 501. [CrossRef]
[PubMed]
40. Lawrence, A.M.; Dickie, S.; Woods, L.J. Do nutrient-based front-of-pack labelling schemes support or
undermine food-based dietary guideline recommendations? Lessons from the Australian Health Star Rating
system. Nutrients 2018, 10, 32. [CrossRef] [PubMed]
41. Australian Bureau of Statistics. Australian Health Survey: Users Guide, 2011–2012 cat. No. 4364.0.55.001.
Principles for Identifying Discretionary Foods. Available online: http://www.abs.gov.au/ausstats/abs@
.nsf/Lookup/4363.0.55.001Chapter65062011-13 (accessed on 21 July 2017).
42. National Health and Medical Research Council. Eat for Health. Educator Guide; Commonwealth of Australia:
Canberra, Australia, 2013. Available online: https://www.eatforhealth.gov.au/sites/default/files/files/
the_guidelines/n55_australian_dietary_guidelines.pdf (accessed on 27 October 2015).
43. Dunford, E.; Cobcroft, M.; Thomas, M.; Wu, J. Technical Report: Alignment of NSW Health Food Provision
Policy with the Health Star Ratings System; NSW Ministry of Health: North Sydney, Australia, 2015. Available
online: https://www.health.nsw.gov.au/heal/Publications/health-star-rating-system.pdf (accessed on
22 February 2016).
44. Cloutman, N. Supermarkets and Grocery Stores in Australia. IBISWORLD Industry Report G4111; IBIS World:
Melbourne, VIC, Australia, 2018.
45. Clemons, R. How to use Health Star Ratings. Available online: https://www.choice.com.au/food-and-
drink/nutrition/food-labelling/articles/health-star-ratings (accessed on 13 August 2018).
46. Nenycz-Thiel, M. Private labels in Australia: A case where retailer concentration does not predicate private
labels share. J. Brand Manag. 2011, 18, 624–633. [CrossRef]
47. Fuchs, D.; Kalfagianni, A. Discursive power as a source of legitimation in food retail governance. Int. Rev.
Retail Distrib. Consum. Res. 2009, 19, 553–570. [CrossRef]
Nutrients 2018, 10, 1465 18 of 19
48. Tonkin, B. Supermarkets and Grocery Stores in Australia. IBIS World Industry Report G4111; IBIS World:
Melbourne, VIC, Australia, 2015.
49. Van Camp, D.J.; Hooker, N.H.; Souza-Monteiro, D.M. Adoption of voluntary front of package nutrition
schemes in UK food innovations. Br. Food J. 2010, 112, 580–591. [CrossRef]
50. Sutherland, L.A.; Kaley, L.A.; Fischer, L. Guiding stars: The effect of a nutrition navigation program on
consumer purchases at the supermarket. Am. J. Clin. Nutr. 2010, 91, 1090S–1094S. [CrossRef] [PubMed]
51. Ahold Delhaize. Supplementary Report on Sustainable Retailing Performance Ahold Delhaize:
The Netherlands. 2016. Available online: https://www.aholddelhaize.com/media/3984/supplementary-
report-on-sustainable-retailing-performance-2016.pdf (accessed on 13 August 2018).
52. Pulker, C.E.; Trapp, G.S.A.; Scott, J.A.; Pollard, C.M. What are the position and power of supermarkets in
the Australian food system, and the implications for public health? A systematic scoping review. Obes. Rev.
2018, 19, 198–218. [CrossRef] [PubMed]
53. Monteiro, C.A.; Cannon, G.; Levy, R.; Moubarac, J.C.; Jaime, P.; Martins, A.P.; Canella, D.; Louzada, M.;
Parra, D. NOVA. The star shines bright. World Nutr. 2016, 7, 28–38.
54. Kohler, A. Aldi’s Love Affair with Suppliers Is Killing Coles and Woolies. Available online: http://www.
businessspectator.com.au/article/2015/9/2/retail/aldis-love-affair-suppliers-killing-coles-and-woolies
(accessed on 16 February 2016).
55. Inside FMCG. Next Generation Woolworths Store Unveiled. Available online: https://insidefmcg.com.au/
2016/11/14/next-generation-woolworths-store-unveiled/#daily (accessed on 15 November 2016).
56. Coles. Coles Brands. Available online: https://www.coles.com.au/our-range/our-products/coles-brands/
coles-brands (accessed on 2 February 2016).
57. Woolworths. Our brands. Available online: https://www.woolworths.com.au/Shop/Discover/our-brands
(accessed on 2 February 2016).
58. Department of Health. Health Star Rating System: Style Guide. Available online: http://healthstarrating.
gov.au/internet/healthstarrating/publishing.nsf/Content/style-guide (accessed on 31 January 2018).
59. Poti, J.M.; Mendez, M.A.; Ng, S.W.; Popkin, B.M. Is the degree of food processing and convenience linked
with the nutritional quality of foods purchased by US households? Am. J. Clin. Nutr. 2015, 101, 1251–1262.
[CrossRef] [PubMed]
60. Juul, F.; Martinez-Steele, E.; Parekh, N.; Monteiro, C.A.; Chang, V.W. Ultra-processed food consumption and
excess weight among US adults. Br. J. Nutr. 2018, 1, 1–11. [CrossRef] [PubMed]
61. Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Allès, B.; Méjean, C.; Deschasaux, M.; Fassier, P.;
Latino-Martel, P.; Beslay, M.; et al. Consumption of ultra-processed foods and cancer risk: Results from
NutriNet-Santé prospective cohort. BMJ 2018, 360. [CrossRef] [PubMed]
62. Rauber, F.; da Costa Louzada, M.L.; Steele, E.; Millett, C.; Monteiro, C.A.; Levy, R.B. Ultra-processed food
consumption and chronic non-communicable diseases-related dietary nutrient profile in the UK (2008–2014).
Nutrients 2018, 10, 587. [CrossRef] [PubMed]
63. Moubarac, J.C.; Parra, D.C.; Cannon, G.; Monteiro, C.A. Food classification systems based on food processing:
Significance and implications for policies and actions: A systematic literature review and assessment. Curr.
Obes. Rep. 2014, 3, 256–272. [CrossRef] [PubMed]
64. IBISWorld. Company Report: Metcash Limited; IBISWorld: Melbourne, VIC, Australia, 2015;
Available online: http://member.afraccess.com/media?id=CMN://2A832262&filename=20141201/MTS_
01580418.pdf (accessed on 22 September 2016).
65. SBS News. Supermarkets Respond to Calls to Act on Nation’s Obesity Problem. Available online: https:
//www.sbs.com.au/news/supermarkets-respond-to-calls-to-act-on-nation-s-obesity-problem (accessed on
27 February 2018).
66. Australia and New Zealand Ministerial Forum on Food Regulation. Healthy food Partnership
Communique. Available online: http://www.health.gov.au/internet/main/publishing.nsf/Content/
healthy-food-communique (accessed on 16 February 2016).
67. Department of Health. Healthy Food Partnership Communique. Available online: http:
//www.health.gov.au/internet/main/publishing.nsf/Content/B0653147363CEF33CA257FAD00823950/
$File/Healthy%20Food%20Partnership%20Communique%205%20February%202016.pdf (accessed on
29 August 2016).
Nutrients 2018, 10, 1465 19 of 19
68. Pulker, C.E.; Thornton, L.E.; Trapp, G.S.A. What is known about consumer nutrition environments in
Australia? A scoping review of the literature. Obes. Sci. Pract. 2018, 4, 318–337. [CrossRef] [PubMed]
69. MP consulting. Report on Submissions to the Five Year Review of the Health Star Rating System. Available
online: http://healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/formal-review-
of-the-system-after-five-years (accessed on 3 November 2017).
70. Food Standards Australia New Zealand. Australia New Zealand Food Standards Code—Standard
1.2.8—Nutrition Information Requirements. In F2016C00162; Zealand, F.S.A.N., Ed.; Federal Register
of Legislation: Australia, 2016. Available online: http://www.foodstandards.gov.au/code/Documents/1.2.
8%20Nutrition%20info%20v157.pdf (accessed on 8 March 2016).
71. Hobin, E.; Bollinger, B.; Sacco, J.; Liebman, E.L.I.; Vanderlee, L.; Zuo, F.E.I.; Rosella, L.; L’Abbe, M.;
Manson, H.; Hammond, D. Consumers’ response to an on-shelf nutrition labelling system in supermarkets:
Evidence to inform policy and practice. Milbank Q. 2017, 95, 494–534. [CrossRef] [PubMed]
72. Department of Health. Guide for industry to the Health Star Rating calculator (HSRC) version 5.
Available online: http://www.healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/
guide-for-industry-document (accessed on 3 November 2017).
73. Australian Bureau of Statistics. Australian Health Survey: Consumption of Food Groups
from the Australian Dietary Guidelines, 2011–2012, cat. No. 4364.0.55.012. Available
online: http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.012~2011-12~Main%
20Features~Key%20Findings~1 (accessed on 10 January 2017).
74. Crino, M.; Sacks, G.; Dunford, E.; Trieu, K.; Webster, J.; Vandevijvere, S.; Swinburn, B.; Wu, J.Y.; Neal, B.
Measuring the healthiness of the packaged food supply in Australia. Nutrients 2018, 10, 702. [CrossRef]
[PubMed]
75. O’Halloran, S.A.; Lacy, K.E.; Grimes, C.A.; Woods, J.; Campbell, K.J.; Nowson, C.A. A novel processed food
classification system applied to Australian food composition databases. J. Hum. Nutr. Diet. 2017, 30, 534–541.
[CrossRef] [PubMed]
76. Spiteri, S.A.; Olstad, D.L.; Woods, J.L. Nutritional quality of new food products released into the Australian
retail food market in 2015—Is the food industry part of the solution? BMC Public Health 2018, 18, 222.
[CrossRef] [PubMed]
77. Burch, D.; Dixon, J.; Lawrence, G. Introduction to symposium on the changing role of supermarkets in global
supply chains: From seedling to supermarket: Agri-food supply chains in transition. Agric. Hum. Values
2013, 30, 215–224. [CrossRef]
78. Dawson, J. Retailer activity in shaping food choice. Food Qual. Preference 2013, 28, 339–347. [CrossRef]
79. Wellard, L.; Hughes, C.; Watson, W.L. Investigating nutrient profiling and Health Star Ratings on core dairy
products in Australia. Public Health Nutr. 2016, 19, 2860–2865. [CrossRef] [PubMed]
80. Jones, A.; Dunford, E.; Crossley, R.; Thout, S.R.; Rayner, M.; Neal, B. An evaluation of the healthiness of the
Indian packaged food and beverage supply. Nutrients 2017, 9, 1103. [CrossRef] [PubMed]
81. Lawrence, M.; Woods, J.; Pollard, C. The significant influence of ‘Big Food’ over the design and
implementation of the Health Star Rating system. Nutr. Diet. 2018. [CrossRef] [PubMed]
82. Lawrence, M.; Woods, J. Front-of-package nutrition labels need to be assessed on their nutrition science
rigour. Public Health Nutr. 2018, 21, 2773. [CrossRef] [PubMed]
83. Pulker, C.E.; Scott, J.A.; Pollard, C.M. Ultra-processed family foods in Australia: Nutrition claims,
health claims and marketing techniques. Public Health Nutr. 2018, 21, 38–48. [CrossRef] [PubMed]
84. Lawrence, M.; Woods, J. Re: Jones et al., Nutrients 2018, 10, 501. Nutrients 2018, 10, 746. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
